As part of an ongoing study to construct a molecular Turing machine in which a polymer 11 substrate could be encoded via information transfer, we describe the thermodynamic and 12 kinetic characterization of a multicomponent self-assembly based on a zinc porphyrin 13 macrocyclic compound, a bidentate ligand (1,4-diazabicyclo[2.2.2]octane, DABCO) and a 14 viologen substituted polymer guest. Initial addition of DABCO to the porphyrin macrocycle 15 in chloroform solution leads to the formation of a stable 2:1 (porphyrin:DABCO) dimeric 16 complex exclusively, even under dilute conditions, by means of strong cooperative 17 interactions involving hydrogen and metal-ligand bonds. Further titration of the porphyrin-18
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176
We further analyzed complex formation by using NMR spectroscopy; despite the fact 177 that the concentration used for the 1 H-NMR analysis ([M] = 1.4 mM in CDCl3) is higher than and 8.9 ppm) showed a typical upfield shift (to 8.6 and 8.3 ppm, respectively) upon the 180 addition of DABCO, indicating coordination of the ligand to the porphyrin roof (see the 181 Supporting Information Figure S10 ). Furthermore, a characteristic peak below −5 ppm, continued our binding studies with fluorescence spectroscopy and determined the binding 199 constants from the titration curves obtained using that technique.
200
Fluorescence spectroscopy is a tool that is commonly used to analyze the interaction 201 of porphyrin receptors with various acceptor compounds, e.g. viologen derivatives. 28 Previous 202 studies showed that the binding of viologen derivatives inside the porphyrin macrocycle 203 results in the quenching of the fluorescence emission of the porphyrin, and the fraction of 204 porphyrin-viologen complexes in the mixture can be quantified by the decrease in 205 fluorescence intensity. 22, 29 Therefore, we wanted to analyze the binding behavior of the 206 polymer through the cavities of the double-cage system, M2D, by fluorescence spectroscopy. 207 We first started with the evaluation of the binding equilibria between macrocycle (M) and Figure 3b ). This suggests that the majority of the macrocycle is threaded by the polymer 218 forming a 1:1 MP complex. 29 We extracted the fluorescence spectra and the fraction of each which is presumably due to the unoccupied cavity in M2DP. In order to fully quench the 256 fluorescence signal 2 mol equiv of polymer was needed (Figure 3e ). During the titration of 257 M2D with polymer, a two-step process was not observed for the binding of the polymer to 258 each cavity (see the Supporting Information Figure S15c ). M2DP and M2DP2 were formed simultaneously. This will be shown again in the phase diagrams in the next section (vide infra 260 Figure 5a and 5b).
261
The interpretation of the fluorescence data was performed in a similar fashion as for the UV-macrocycle and free polymer concentrations that are present in the solution determining the (Figure 5d ).
319
These phase diagrams showing the precise distribution of the species will be useful for the 320 (de)threading kinetics described in the next section. Figure 5d to the one in Figure 5a ). Figure 5a shows that the In conclusion, we have studied the thermodynamics and kinetics of the binding process of a 424 viologen-substituted polymer to a macrocyclic dimer consisting of zinc porphyrin host and the 425 ligand DABCO. The binding process of the polymer to the cavities of the dimer led to a 426 complex array of species in solution. We have analyzed the binding equilibria of the polymer-427 host-ligand combinations by using UV-vis and fluorescence spectroscopy. We provided a 428 methodology to quantify the precise fractions of each species formed in the binding process 429 by separating the spectral data that overlap. Using this method we determined the association 430 constants of all complexes that are formed in solution. It is shown that the 2:1 porphyrin 431 macrocycle-DABCO dimeric complex is formed even under very dilute conditions. The 432 viologen-substituted polymer can then be threaded through the cavities of this dimeric system, 433 giving rise to a pentameric complex M2DP2, exclusively. We studied the kinetics of the 434 polymer binding in this pentameric system and compared this with that of free macrocycle M. 435 The enhanced binding affinity of the polymer as a result of allosteric interactions between 436 host, ligand and the guest in the pentameric complex led to a very slow dethreading process of 437 the polymer from M2DP2 to form M2DP. More importantly, very slow rate was observed for 438 the threading of the polymer though M2DP to form M2DP2 due to the intramolecular looping 439 of the open end of the polymer through the unoccupied cavity delaying the threading of the 440 second polymer.
441
The results obtained are valuable for the construction of the molecular Turing machine 442 mentioned in the introduction section. The data represented here shows that the information 443 transfer is possible between two cage molecules, both with respect to the thermodynamics of 444 the binding process and the kinetics of the threading and dethreading processes. The next step 445 is to combine the observed cooperative effects with catalysis. To this end the zinc centers of 446 the porphyrin will be replaced by manganese centers, which are known to be good epoxidation catalysts. 30, 31 One of the goals is to transfer information, e.g. from a chiral
